Pepino Mosaic Virus (PepMV) was first reported on greenhouse tomato (Solanum lycopersicum) in the Netherlands and the UK in 1999. Since then PepMV is worldwide established in the tomato industry and has become a significant problem. 
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Moreover, this secondary infection coincided with an increase in PepMV symptom expression (Hanssen et al., 2007 ). An elaborate survey was conducted in the Belgian tomato production industry to assess the PepMV damage as perceived by the growers and to study the results obtained by applying the immunization strategy in commercial tomato greenhouses.
MATERIALS AND METHODS
Study Site
The tomato industry in Belgium is located in the Northern, Flemish district of the country. As tomatoes in Belgium are exclusively produced for the fresh market, fruit quality and appearance is of major importance. Since quality standards during production are very high, the majority of the tomatoes have to be sold in the highest or first quality class in order to remain profitable. The major tomato growing areas in Flanders are covered in this study.
Survey 2005
A questionnaire was designed to conduct a survey on the experience of the Belgian tomato growers with PepMV in 2005, aiming to reveal grower's perception on damage caused by and problems associated with PepMV in the Belgian tomato production during the 2005 growing season. Special attention was given to the results obtained by the immunization strategy that was applied by part of the interviewed growers. PepMV infected tomato production sites were divided into two groups: the production sites that were deliberately inoculated with PepMV at the start of the growth season, further referred to as the 'inoculated sites', and the ones that suffered from a natural infection further referred to as the 'natural infections'. An Access database was designed to manage and process the acquired dataset.
Survey 2006
A second questionnaire was designed to assess growers' experiences during the 2006 growing season, composed of multiple choice questions to facilitate the written completion of the questionnaire by the growers. The tomato production sites infected with PepMV during the 2006 growing season were divided into three groups: a group of production sites that were deliberately inoculated at the start of the growing season, further referred to as the 'inoculated sites', the ones that suffered from a natural infection in the beginning of the growing season (January to March), further referred to as the 'early natural infections' and finally the ones that became infected later in the growing season (from April onwards), further referred to as 'late natural infections'. In this classification a production site was considered infected as soon as the grower recognized typical PepMV symptoms, as the exact time of infection was not known. An Access database was designed to manage and process the acquired dataset.
RESULTS
PepMV Incidence
Until 2003, the incidence of PepMV in the Belgian tomato production was low. However from 2004 onwards, a gradual increase in the number of PepMV infected tomato greenhouses was seen (data not shown). As may be expected, the infection risk appears to be related to the distance between the tomato production sites (Fig. 1) . When the distance between the production sites was less than 50 meters, 75% of the production sites were infected with PepMV at least once in the period between 1999 and 2005. This percentage was only 23% when the distance was more than five kilometres.
The immunization strategy, in which tomato plants are deliberately inoculated with PepMV in a young stage to minimize the damage, was originally introduced in the Netherlands. In Belgium, this strategy gained acceptance in 2004, and a peak was reached in 2005 when 14% of the growers "immunized" their tomato plants. This number significantly decreased in 2006 to 6% of the growers.
Assessment of PepMV Damage in the 2005 Growing Season
About 40 % of the growers considered fruit appearance as the most damaging problem associated with PepMV. However, 21% and 20% named production losses and a reduction in tomato shelf life, respectively, as the major PepMV related problem.
In inoculated production sites, the first symptoms were seen in January, February and March, shortly after inoculation. The main symptoms in these greenhouses were fruit marbling and nettle-head, which were reported by 22% and 21% of the growers respectively, followed by fruit deformation (13%), bubbling of the leaf surface (11%) and yellow rectangular leaf spots (10%). In natural infections, two peaks were seen with regard to the first display of PepMV symptoms, the first one coinciding with the start of the season (January, February and March) and a second, more pronounced, peak in summer (Fig. 2) .
The reported symptoms differ between naturally infected tomato plants and inoculated plants (Fig. 3) . With regard to fruit symptoms, the percentage of growers reporting fruit marbling as an important symptom was 34% in the case of a natural infection, and only 22% upon inoculation. Some differences in PepMV symptoms were also seen on vegetative plant parts (head and lower leaves) with a higher incidence of nettle-head (21% versus 14%) and bubbling of the leaf surface (11% versus 6%) in inoculated crops when compared to naturally infected tomato plants.
As tomatoes showing the typical PepMV-related marbling or discoloration are generally downgraded from the first or highest quality to the second quality, the percentage of second class tomatoes can be considered as an indicator for quality loss caused by PepMV infection. Prices paid for second class tomatoes are approximately 30% lower than the first class prices. Growers were asked to assess the percentage of class one tomatoes produced in the 2005 growing season as a consequence of PepMV infection. In general, this loss was considered rather limited. In the group of growers that applied the immunization strategy, 79,5% assessed the damage as less than 5%. This percentage was somewhat lower (71,4%) in the group of growers with natural infections. In inoculated production sites, the percentage of class one tomatoes was estimated at 5 to 10% by 5% of the growers, at 10 to 20% by another 5% of the growers, and at more than 20% by 10% of the growers, while these percentages were higher in the group of growers with natural infections, coming down to 7%, 7% and 14% respectively. These results indicate that fruit marbling or discoloration was somewhat less common upon immunization, although the differences were rather small.
Assessment of PepMV Damage in the 2006 Growing Season
In 2006 Belgian tomato growers experienced a significant loss in production due to PepMV infection. In about 50% of the PepMV infected production sites the production loss was estimated at more than 5%, and in one fifth of the cases even more than 10%. The quality loss, measured by the percentage of class one tomatoes, was generally seen as limited; 68% of the growers estimated the percentage of class one tomatoes lower than 5%. However, these results reflect that also PepMV related fruit quality problems were somewhat more pronounced in 2006 than in 2005.
In 2006 a remarkably high portion of growers reported the first symptoms (35%) in the start of the growing season, more specifically in January and February (Fig. 2) . When growers were asked for the putative source of infection, the same 35% of the growers suspected the nursery as the source. Like in 2005, a second peak in display of the first symptoms was seen in the summer months.
Only minor differences between inoculation and natural infection were seen in the assessment of the PepMV related damage in 2006 (Fig. 3b) . The number of growers that evaluated the PepMV damage as moderate to severe was 58% and 59% in the case of inoculation and natural infection, respectively. However, the PepMV damage was assessed as severe to very severe by 29% of the growers that inoculated their crop, as compared to 23% for natural infections. Production losses due to PepMV were estimated as more than 10% by 21% of the growers that inoculated their plants, which was comparable to the percentage for naturally infected production sites. However, production losses are estimated lower for natural infections late in the growing season. In this group, only 15% of the growers estimated the production loss at more than 10%. The same trend can be seen for the estimation of fruit quality losses, as 23% of this group estimated the percentage of class one tomatoes due to PepMV infection at more than 5%, compared to 29% en 28% in the groups of inoculated crops and natural early infections, respectively.
DISCUSSION
It was shown that the PepMV infection risk increases with the density of greenhouses in the tomato production area, suggesting that PepMV transmission by birds and insects like bumblebees and biological control agents can attribute substantially to the spread of the virus. Transmission of PepMV by bumblebees has been reported by Lacasa et al., in 2003. Two peaks were seen with regards to the first display of symptoms in naturally infected production sites, one coinciding with the start of the growing season and the other one in the summer months. In 2005, the first peak can probably be attributed to the transfer of last year's infection to the new crop, with symptoms showing up shortly after infection. In 2006, the situation was somewhat different as a high number of tomato production sites was infected already early in the growing season, with the putative time of infection in the nursery stage. This situation is reflected by a high incidence of first PepMV symptoms in January and February 2006. To explain the second peak in the summer months, two hypotheses can be postulated. Since all results presented are based on the growers' perceptions and not on sample analyses, it is not possible to determine the exact time of PepMV introduction in the crop. Therefore, the moment the growers first noticed the PepMV symptoms does not necessarily coincide with the point of introduction. It is speculated that in the case of a natural PepMV infection in the late spring or early summer months, a latent period of several weeks, and in some cases even of several months, can be seen (Hanssen et al., unpublished data). As PepMV symptom expression is known to increase with decreasing light intensity, the shortening of the days after July could explain the appearance of the first PepMV symptoms in this period, even if the production sites were already infected for several weeks or months. An alternative hypothesis is that hygienic measures are becoming less strict in the summer months due to the high work pressure, thus increasing the infection risk.
When applying the immunization strategy, inoculation of the plants is performed early in the growing season in young tomato plants. Leaf symptoms, especially nettlehead and yellow leaf spots, tend to be more pronounced in young plants (Spence et al., 2006) . Therefore, the higher incidence of these symptoms in inoculated plants can be explained by the fact that plants were infected in a young stage. In 2005, the impact on fruit quality was somewhat lower in this group when compared to the natural infections. However, a large part of the natural infections in 2005 was considered as late infections, as the first symptoms were noted after the first quarter (Fig. 2) . Therefore, the higher incidence of fruit marbling in this group can be expected based on former studies reporting that the impact on fruit quality is higher when the PepMV infection is introduced at a later stage (Jones and Lammers, 2005; Spence et al., 2006) . This observation is confirmed by the assessment of the percentage of class one tomatoes as a result of PepMV infection.
The production losses due to PepMV infection were generally considered as more pronounced in 2006 as compared to 2005, which might be related to the high incidence of early natural infections in 2006. As PepMV infection in young plants generally results in more pronounced symptoms on the leaves and in the head of the plants, a growth reduction is usually seen in plants that are infected in a very young stage, which can lead to production losses.
In the overall assessment of damage caused by PepMV in 2006, only minor differences could be seen between the two groups of growers (immunization vs. natural infection). However, when subdividing the natural infections into early infections and late infections, the production loss and the loss in fruit quality were the lowest in the case of a late natural infection. As more fruit marbling is usually seen in the summer months in the case of a late infection, this result is rather unexpected. However, a first display of PepMV symptoms in the summer months implies a PepMV-free cultivation period during the first production months. This might result in a higher yield as compared to inoculated crops, since growth reduction is usually seen after inoculation, thus compensating for putative losses later in the season.
It can be concluded that, when considering the yield and fruit quality over the entire production season, inoculation of tomato plants early in the growing season was not considered to result in less damage as compared to naturally infected tomato crops. From 2006 on, the immunization strategy was therefore generally abandoned in Belgian tomato cultivation. This survey shows that the results obtained by Belgian tomato growers applying the immunization strategy were generally not satisfying. As a consequence, the majority of the Belgian tomato growers now choose a preventive approach, applying very strict hygienic measures both during the winter stop, to clean and disinfect the greenhouse, and in the course of the growing season, to prevent the introduction of PepMV in the tomato crop. 
